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SPECIFICATIONS 
20 1. TITLE OF INVENTION 

MATRIX OPTICAL SWITCH 
2 . CLAIM 

1 A matrix optical switch comprising: 
plural input optical passages; 
25 plural output optical passages that intersect the 

plural input optical passages; and 

a movable reflecting device that is arranged on 
each intersecting point where the plural input 
optical passages and the plural output optical 
30 passages intersect each other, wherein, 

by moving and inserting the movable reflecting 
device on the given intersecting point onto an input 
optical passage, the input optical passage connects 
to an output optical passage passing through the 
35 intersecting point; wherein 



the each movable reflecting device is formed on 
the same substrate, respectively and movement of the 
movable reflecting device is controlled and driven 
by an actuator and an electric device integrally 
5 formed on the substrate. 

2 The matrix optical switch set forth in claim 1, 
wherein 

the actuator is composed of a linear actuator and 
uses any of electrostatic induction, electromagnetic 
10 induction, ultrasound, electrostr ict ion , 

magnetostriction, opt icals tr ict ion or shape-memory 
alloy or a plurality thereof as a driving principle . 

3 The matrix optical switch set forth in claim 1, 
wherein 

15 the actuator is composed of a rotary actuator and 

uses any of electrostatic induction, electromagnetic 
induction, ultrasound, electrostr iction, 

magnetostriction, opt icals tr ict ion or shape-memory 
alloy or a plurality thereof as a driving principle. 

20 

[ 0001 ] 

[FIELD OF THE INVENTION] 

This invention relates to a matrix optical switch 
and, more particularly, to a matrix optical switch 
25 that performs a line exchange between plural optical 
signal terminals, for example, in an optical 
communication network, an optical exchange system 
and the like. 

30 [0002] 

[BACKGROUND OF THE INVENTION] 

To install an optical transmission system into a 
communication network and utilize its characteristic, 
it is preferable that a line exchange is performed 
35 by an optical switch, not by a 

light-electro/electro-light transfer. For example, 
in order to change a network structure of a group 
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of a multiple line in response to an amount of a 
call-out, an optical switch network of a 100-by-100 
terminal size is demanded. Also, as a constituting 
tool of a promising image information service, an 
5 optical exchange system with a broad band 
characteristic is effective, but to begin with an 
calling switch, for the purpose of dynamics of an 
optical interconnection between devices and 1 ike a 
line concentration switch, an optical switch of a 
10 large capacity, but a low loss and a low crosstalk 
is required. 
[ 0003 ] 

As an optical switch, a switch that uses an 
electro-optic effect and a mechanical switch that 

15 moves a prism or a fiber mechanically have been 
proposed. With regard to the former, as of today, 
a development of a two-input /two-output switch (a 
2-by-2 switch) that performs a switching of a light 
beam passage controlling a refractive index of a light 

20 guide of LiUb 2 0 3 and silicon electronically has most 
advanced. However, in a matrix optical switch 
formed in matrix form on the same substrate with these 
switches, even with a switch size of an extent of 
8-input/ 8 -output at best, an insertion loss becomes 

25 equal or more than 20dB and it is quite difficult 
to apply the switch to the foregoing fields. On the 
other hand, regarding the latter, as a principle of 
a movement of an optical fiber, a movement and a 
rotation of a mirror or a prism, a l-by-2 switch or 

30 a 2 - by -2 switch has been developed . Then , when trying 
to make a large size switch using these switches, 
there are problems that as a number of longitudinally 
connecting switches increase, an insertion loss gets 
increased and a device dimension becomes massive 

35 since a dimension of a switch unit is large. 
Accordingly, in order to constitute an optical switch 
network efficiently, a matrix optical switch of a 
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low loss and a large size is required. 
[ 0004 ] 

Conventionally, with regard to a mechanical optical 
switch in matrix form, there have been several ideas . 
5 FIG. 7 is a skematic configuration view of a matrix 
optical switch of the 10-by-10 inserting aerial light 
beam/mirror and switching a light beam passage as 
described at page 819 of the academic journal of 
''Electro communication academic conference", J64-C 
10 Vol. # 12. 
[ 0005 ] 

A light beam emitted from input optical fiber 62 
aligned on optical board 61 becomes light beam 64 
that is collimated by lens 63 and is guided into input 

15 light passage 65. By inserting reflecting device 67 
(e.g. mirror, prism and so on) into a given position 
of a point ( cros s ing po int ) intersecting output light 
passage 66, a light beam is reflected thereon and 
is guided into output light passage 66 and is converged 

20 into output light fiber 69 through lens 68. 
[0006] 

In this conventional example, a light beam is 
reflected only once between an input end and an output 
end, so an any connection between ends is possible 
25 and this example has a good property in which an 
insertion loss and a crosstalk do not rely on a switch 
size. 

[ 0007 ] 

30 [OBJECTS TO BE OVERCOME] 

However, in a scope of this conventional technology, 
reflecting device 67 is a prism that is separately 
processed with a high precision and a bring in/out 
prism mechanism is controlled by an upward/downward 

35 movement of a solenoid fixedly fitted into box 70 
separate from a matrix surface. Thus, a matrix size 
inevitably gets limited by a solenoid size or a prism 
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size. 
[ 0008 ] 

To miniaturize a switch, it is preferable that these 
optical and mechanical elements are small, but the 
5 smaller they are, the more difficult it is to control 
a precision accuracy and an alignment and so, there 
is a limitation. More specifically, as an effective 
area occupied by a single intersecting point, 
10-by-10mm square and 10mm or so as a height of a 

10 solenoid including an up/down mechanism are required . 
For example , when trying to attain a 10 0-by- 1 0 0 switch 
as a matrix switch of a large size, its one side turns 
out to be 2m which is an unrealistic value exceeding 
far beyond a size usable freely inside a device . Also , 

15 as there is a limitation to lowering weights of a 
prism and an actuator arm, it becomes hard to speed 
up a response speed of a switching and realize a low 
energy consumption. 
[ 0009 ] 

20 Taking these situations into consideration, this 
invention is created and it is an object of this 
invention to provide a matrix optical switch that 
realizes minimal insertion loss, a large switching 
size, but a miniaturization, a high-speed and a low 

25 energy consumption. 

[ 0010 ] 

[MEASUREMENTS TO OVERCOME THE DRAWBACKS] 

A matrix optical switch includes plural input light passages, 

30 plural output light passages that intersect the plural input optical 
passages and a movable reflecting device that is arranged on each 
intersecting point where the plural input optical passages and the 
plural output optical passages intersect each other, wherein 

an input optical passage connects to an output 

35 optical passage passing through the intersecting 
point by moving and bringing an movable reflecting 
device on the given intersecting point into an input 
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optical passage; wherein 

the movable reflecting device is formed on the same substrate, 
respectively and movement of the movable reflecting device is 
controlled and driven by an actuator and an electric device 
5 integrally formed on the substrate. 
[0011 ] 
[ 0009 ] 
[Action ] 

According to this invention, a movable reflecting 

10 device and an actuator driving the movable reflecting 
device are integrally formed on the same substrate. 
A structure like this can be realized using a recently 
developed micromachining technology. A micro 
actuator using this micro machining technology was 

15 made public as a pin joint and a rotary turbine for 
the first time in 1987 and research work of this 
actuator using the micro machining technology has 
now proceeded as a micro mechanical sensor. 
Application of this micromachining technology to a 

20 mechanical matrix optical switch can dismantle a 
limitation to a technology of a conventional 
mechanical matrix optical switch. Thus , with- this 
application, a performance can be greatly enhanced, 
a matrix optical switch of a large size can be made, 

25 a movement distance and time can be shortened with 
a micro-sized and light-weighted reflecting device, 
and then a high-speed and a low energy consumption 
can be realized 

30 [0012] 

[EXAMPLES OF THE PREFERRED EMBODIMENTS] 
An embodiment of this invention will be described 
as below. FIG.l is a configuration diagram of a 
matrix optical switch of a first embodiment. There 
35 are formed input light guide groove 2 and output light 
guide groove 3 on switch substrate 1, wherein input 
light -beam fibers 4 ! to 4 3 and output light -beam fibers 
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5i to 5 3 are attached into light guide grooves 2 and 
3 in a state of optically connecting to lens 6. At 
each intersecting point of input light guide groove 
2 and output light guide groove 3, there is formed 
5 a movable reflecting device and an actuator that moves 
the movable reflecting device, wherein there are 
formed movable mirror 7 as the movable reflecting 
device and linear actuator 8 and cell circuit 9 as 
the actuator that move movable mirror 7 over a surf ace 
10 of switch substrate 1 in parallel. A mirror surface 
of movable mirror 7 stands at an angle of reflecting 
an incident light beam through input light guide 
groove 2 toward output light guide groove 3. 
[ 0013 ] 

15 With this structure, when a light beam travels in 
a straight way, movable mirror 7 is received in 
receiving groove 10 spaced apart from input/output 
light guide grooves 2 and 3. When address signal 11 
indicative of a given intersecting point is output 

20 via interface circuit 12, linear actuator 8 of the 
intersecting point is driven and then movable mirror 
7 is moved and inserted into an intersect ing point 
of input/output light guide grooves 2 and 3. As a 
result, an incident light beam is reflected at the 

25 intersecting point and a light passage is deviated. 
FIG.l depicts that light beam A emitted from input 
light fiber Ai is connected to output light fiber 5 2 
reflecting at intersection point a, whereas a light 
beam emitted from input light fiber 4 2 is connected 

30 to output light fiber 5 3 reflecting at intersecting 
point b. 
[ 0014 ] 

To select each intersecting point arranged in matrix 
form, a conventional address decoder is used. FIG. 2 
35 depicts an equivalent circuit of cell circuit 9 at 
each intersecting point. In this embodiment, an 
address signal is configured in such a way that the 
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address signal is divided into X address decoder 14 x 
and Y address decoder 14 2 , each one of X address line 
15i and Y address line 15 2 is activated, a given 
intersecting point is selected by select circuit 16 
5 in cell circuit 9 and then driver circuit 17 drives 
actuator 8 . Driver circuit 17 may be disposed within 
Y address decoder 14 2 , not in cell circuit 9, 
[ 0015 ] 

Switch substrate 1 of FIG.l is formed on a silicon 
10 wafer using LSI technology and recently developed 
micromachining technology. A processing of a deep 
groove or a vertical mirror surface required to form 
movable mirror 7 and actuator 8 or a formation of 
a construction permitting to freely move can be 
15 realized using a silicon crystal anisotropic etching , 
a sacrifice layer etching and a convergence ion beam 
etching* Electro circuits like select circuit 16 and 
actuator driver circuit 17 are integrally formed on 
the same silicon substrate using LSI technology. 
20 FIG.l depicts that address decoder circuits 141 and 
142 and interface circuit 12 are also integrally 
f ormed* on switch substrate 1 , but these peripheral 
circuits are not necessary to be integrally formed. 
[ 0016 ] 

25 FIGS. 3 to 5 are views illustrating an example of 
a movement mechanism of a movable mirror driven by 
a linear actuator at each intersecting point. 
Firstly, FIG. 3 depicts an example of an electrostatic 
induction-type linear actuator formed on a silicon 

30 substrate, wherein movable electrode 22 attached to 
and mounted into mirror 21 (corresponds to movable 
mirror 7) is interposed by three-phase driver 
electrode 231 to 233 through an insulation film and 
an aerial space. When applying a positive pulse 

35 voltage to driver electrode 231 , negative charge 24 
is induced at a surface of a position corresponding 
to movable electrode 22. Then, when reversing a 
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polarity of the pulse voltage and applying a positive 
voltage to adjacent electrode 232, by action of 
attracting force occurred between charge 24 and 
adjacent electrode 232 and repulsive force occurred 
5 between charge 24 and electrode 231, a movable 
electrode is moved. Accordingly, mirror 21 can be 
moved linearly by applying a pulse voltage with a 
different phase sequentially to three-phase driver 
electrode 231 through 233. 
10 [0017] 

FIG. 4 depicts an example of an electrostatic 
induction-type linear actuator, wherein permanent 
magnet slider 32 of which a side face is mirror 3 1 
(corresponds to mirror 7) is fitted into a narrow 

15 guide groove (not shown) and electromagnets 33 and 
34 are fixed at both ends of the guide groove. With 
attracting force and repulsive force between 
thin-filmed coil 35 and permanent magnet 32 by 
switching a direction of S/N controlling a direction 

20 of an electric current of thin-filmed coil 35 of 
electromagnets 33 and 34, permanent magnet slider 
32, that -is / mirror 3 1 can be moved . 
[ 0018 ] 

FIG . 5 depicts an example of a ultrasound driven linear 
25 actuator formed on piezoelectric thin film, wherein 
slide mirror 43 (corresponds to movable mirror 7) 
is disposed on a surface of piezoelectric thin film 
42 of ZnO having comb-shaped electrode 41 on a reverse 
side a back face interposing a guide groove (not shown ) . 
30 When applying a phase-displaced high frequency 
voltage to comb-shaped electrode 41, a ultrasound 
stationary wave occurrs on the surface of 
piezoelectric thin film 42 and its progress can cause 
slide mirror to move. 
35 [0019] 

Besides the foregoing three examples, as a driver 
principle of a liner actuator that this invention 
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can apply to, methods in which a micro mirror is set 
on a cantilever composing of a shape-memory alloy 
thin film and by changing a temperature passing an 
electric current into the cantilever, the mirror is 
moved, a micro mirror is set to a cantilever using 
a thin film piezoelectric bimorph and a displacement 
occurred by allocation of a voltage to the cantilever 
causes the mirror to move, a magnetostriction thin 
film and a magnetic field are used instead of the 
piezoelectric bimorph or an optical crystal 
indicative of an optical strict ion and light 
illumination are used can be utilized. 
[0020 ] 

In these methods using the movable mirror and the 
linear actuator, the mirror and linear actuator are 
can be formed in matrix form with a micro dimension 
on a substrate of silicon and the like. 
[002 1] 

The foregoing embodiments describe that the movable 
mirror is moved in parallel and then inserted into 
the input/output light passage, but the mirror can 
be inserted into the input/output light passage by * 
rotating the movable mirror. FIG. 6 depicts a 
configuration example of a n intersecting point where 
to rotate movable mirror 5 2 disposedon rotor 51 having 
a rotating shaft standing upright to a substrate by 
an electrostatic induct ion- type micro step motor. 
In a case where a light beam travels in a straight 
way, movable mirror 52 is received inside a side wall 
of a light guide groove as shown by a virtual line, 
but when a intersecting point is selected, rotor 51 
ofthemicro step motor rotates and then movable mirror 
52 is inserted into the input/output light passage. 
An angle of movable mirror 52 is disposed accurately 
by holding mirror 53 against wall face 53 of a given 
angle formed on the input/output light passage. This 
embodiment uses a principle of a rotary actuator as 
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a step motor, but on top of that, any of an 
electromagnetic indue t ion- type rotary motor, an 
ultrasound rotary motor, electrostr ic t ion , 
magnetostriction and opticals tr ict ion or a 
5 combination of them can be also used as a driver 
principle. Or, a rotating shaft is disposed in 
parallel relation to a substrate, wherein, when a 
light beam travels in a straight way, a mirror may 
be rotated to a horizontal position and a vertical 
10 position when the light is reflected. 
[ 0022 ] 

In the foregoing embodiments in which a reflecting 
device is a mirror, as far as a light beam is 
efficiently reflected, the device is not limited to 
15 the mirror. Also, a light guide groove, an 
input/output light fiber and lens are referred to 
as one of embodiments, but it is quite obvious that 
they are not a sine qua non for this invention. 
[0023 ] 

20 [EFFECT OF THE INVENTION] 

As described, according to this invention, lots of 
movable reflecting devices* and actuators in micro 
spacing relation can be arranged in matrix form on 
the same substrate, so a matrix optical switch of 

25 a large s ize can be formed . Forexample, intersecting 
point spacing of 200//m can be formed and in this case, 
a dimension of a 100-by-100 micro optical switch 
becomes 2cm square, which means that a 
miniaturization of 1/10000 in comparison to the prior 

30 arts can be realized. Further, with a micro-sized 
and light-weighted reflecting device, a movement 
distance and time are shortened, so there is a merit 
that a high-speed and a low energy consumption can 
be obtained . 

35 



4. BRIEF DESCRIPTION OF DRAWINGS 

FIG.l is a configuration view of a matrix optical 
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switch of an embodiment of this invention. 
FIG. 2 is a view of an equal circuit of a cell circuit 
at an intersecting point of the same 
embodiment . 

5 Fig. 3 is a configuration view of a first linear 
actuator for moving a movable mirror of the 
same embodiment in parallel. 
FIG. 4 is a configuration view of a second linear 
actuator for moving a movable mirror of the 
10 same embodiment in parallel. 

FIG. 5 is a configuration view of a third linear 
actuator for moving a movable mirror of the 
same embodiment in parallel. 
FIG. 6 is an explanatory view of a mechanism of a rotary 
15 actuator for rotating a movable mirror of the 

same embodiment in parallel. 
FIG. 7 is a configuration view of a matrix optical 
switch in the prior art. 
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-2 . - 


INPUT /OUTPUT GUIDE 


GROOVE 




3 . 


INPUT /OUTPUT LIGHT 


GUIDE GROOVE 




4 . 


INPUT LIGHT FIBER 
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5 . 


OUTPUT LIGHT FIBER 






6 . 


LENS 






7 . 


MOVABLE MIRROR 






8 . 


LINEAR ACTUATOR 






9 . 


CELL CIRCUIT 
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10 . 


RECEIVING GROOVE 






11 . 


ADDRESS SIGNAL 






12 . 


INTERFACE CIRCUIT 
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. X ADDRESS DECODER 


CIRCUIT 
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. Y ADDRESS DECODER 


CIRCUIT 
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15 x 


. X ADDRESS LINE 






15 2 


. Y ADDRESS LINE 






16 . 


SELECT CIRCUIT 





17. DRIVER CIRCUIT 

21 MIRROR 

22 MOVABLE ELECTRODE 

231-233. THREE-PHASE DRIVER ELECTRODE 
5 24. NEGATIVE CHARGE 

31 . MIRROR 

32. PERMANENT MAGNET SLIDER 
33-34 .ELECTROMAGNET 

35 . THIN-FILMED COIL 
10 4 1 . COMB-SHAPED ELECTRODE 

42 .PIEZOELECTRIC THIN FILM 
43. SLIDER MIRROR 

51. ROTOR OF MICRO STEP MOTOR 

52. MOVABLE MIRROR 
15 53 WALL FACE 



